Although sprawl is a growing national debate, there have been few efforts to measure or monitor changes in degree of sprawl over time. By using a methodology that employs census data, this sprawl index allows computation of levels of sprawl and examination of temporal and geographic changes. The results show that sprawl has increased over the past decade in many metropolitan areas. There are important geographic variations in sprawl, implying that it is neither inevitable nor universal.
sprawl or sprawl enabling (Beaumont 1997) . Although acknowledging that the United States has higher levels of sprawl, others have found decreasing urban densities and increasing sprawl to be worldwide phenomena. (Sheehan 2001) On the other had, some authors have claimed that sprawl or its component attributes are desirable and may have important benefits (Black 1996; Ohls and Pines 1975; Gordon and Richardson 1997; Hayward 1998; Kahn 2001) . Still other authors find that sprawl has both positive and negative attributes (Downs 1999; Heim 2001) or that the cost of controlling sprawl creates problems of its own (Brueckner 1990; Lehrer and Milgram 1996) . Without specifically defining sprawl, other authors have attempted to assess sprawl's impact on cities and the environment (Henderson and Arindam 1996) . These associations may or not be true, but until sprawl can be quantified in a useful manner, it will be difficult to understand the relationship of sprawl to these issues or to prioritize the place of anti-sprawl measures in the effort to meet these challenges.
The lack of a clear definition of sprawl and ill-defined means of measuring it have inhibited debate on the effects, significance, and potential responses to sprawl. A clear, concise definition of sprawl would give more weight to arguments about the consequences of sprawl. A useable sprawl scale would enable those concerned about sprawl to measure it, track changes over time, and monitor its impact on the environment.
A related set of issues involves how sprawl has changed over the past decade and whether there are patterns in how sprawl varies across the country. Is sprawl increasing? Are some parts of the country more affected by sprawl than others? Is sprawl always correlated with population growth? By developing a utilitarian definition and measurement of sprawl, some of the answers to these questions can be identified.
PAST EFFORTS TO DEFINE AND MEASURE SPRAWL
In the absence of a clear way to identify and measure sprawl, it tends to be defined as a series of characteristics or attributes. This means that sprawl tends to need visual confirmation and that its definition has varied in time and space as the opinions of observers have differed. Consequently, it is unclear what is meant by sprawl. In general, sprawl has been described as containing one or more of the following elements:
• low-density development;
• separation of land uses;
• leapfrog development;
• strip retail development;
• automobile-dependent development;
• development at the periphery of an urban area at the expense of its core;
• employment decentralization;
• loss of peri-urban, rural agriculture, and open space; and • fragmented governmental responsibility and oversight. (Johnson 2001) It is not immediately apparent how all the aforementioned attributes can be measured. Particularly in the context of continuing growth, development, and change in urban areas and the country as a whole, these descriptions might more or less capture every metropolitan area. Internationally, except perhaps for certain walled cities at distinct periods of time, it is likely that all urban areas contain at least some of these characteristics. The challenge is to use these elements-or an aggregate of them-as the basis for a measurable sprawl index.
There have been attempts to develop measures of sprawl. Galster et al. (2000) identified eight dimensions of sprawl: density, continuity, concentration, compactness, centrality, nuclearity, diversity, and proximity. They developed measures for these dimensions, primarily using grids of one mile or less along with Geographic Information Systems (GISs) and field surveys. They tested their definition of sprawl on six of the dimensions using data on housing in 13 metropolitan areas. They then ranked the metropolitan areas on each dimension and combined the rankings, giving equal weight to each dimension, to develop an overall sprawl score.
Although an important milestone in conceptualizing the attributes of sprawl, the Galster-Hanson methodology is awkward because it relies on complex use of GIS and detailed knowledge of local conditions for its computation. It is unlikely that such a methodology could be used to analyze all metropolitan areas in the United States and even less likely to have international applications. Its best use is as an analytical framework for evaluating other measures of sprawl. Their technique may also prove valuable for case studies documenting the degree and causes of sprawl in individual metropolitan areas. Similarly, Ewing (1997) defined sprawl as a collection of indicators that included poor accessibility and lack of functional open space. Again, although good for describing individual circumstances of sprawl, these indicators are difficult to quantify on a national scale.
Several researchers have focused on density for a measure of sprawl. Fulton et al. (2001, 3) defined density as the "population of a metropolitan area divided by the amount of urbanized land in that metropolitan area." They pointed out that U.S. Census Bureau definitions of metropolitan area size are misleading. If the basic census definition is used-agglomerations of counties that are wholly or partly contained in a metropolitan area-then large areas of included rural area skew resulting density results. For example, the Riverside-San Bernardino metropolitan area includes the sparsely inhabited Mohave Desert because San Bernardino County is one component county of the metropolitan area. Nelson used urbanized area to assess density (Nelson 1999) . But the census definition of urbanized area, more or less contiguous census tracts with a population density greater than 1,000 persons per square mile along with other associated areas, results in a large area of developed land not being included in the geographic base of the analysis. In addition, Kline (2000) points out that the census definition of urbanized area is fluid and changes over time in relation to the change in population. As an alternative, Fulton et al. and Kline use surveys by the National Resources Inventory conducted by the U.S. Department of Agriculture that estimate the amount of developed land in each county. Because these surveys do not coincide with census years, these authors estimate population for the survey years by extrapolation from the decennial census. Fulton et al. report their findings as persons per urbanized area with a minimum population density of 200 persons per square mile as the threshold for inclusion in an urbanized part of a metropolitan area. Kline uses total persons per total square miles. Neither author makes any conclusion, however, as to what point density is associated with sprawl, although presumably the lower the density, the greater the amount of sprawl. The lack of coordination with census data is a serious drawback of both the Fulton et al. and Kline studies. It complicates the count of people in a metropolitan area because of potential inaccuracies of intercensus population projections.
In two 2001 studies, a gauge of job decentralization was used as a sprawl measure (Glaeser, Kahn, and Chu 2001; . They used county business pattern data reported by the U.S. Census Bureau and organized on a zip-code level as a means to determine the number of jobs within 3 miles, between 3 and 10 miles, and between 10 and 35 miles from the central business district (CBD) of a metropolitan area. The1982 Economic Census Geographic Manual defines the center point of each CBD. The authors used the percentage of jobs within each of these three rings to define four types of metropolitan areas: dense, centralized, decentralized, and extremely decentralized. In another study, Kahn (2001) used these data to construct a different sprawl index based on the share of employment outside the 10-mile circle from the CBD center point.
Centralization, particularly the concentration of employment within and near the CBD of a metropolitan area, is one important dimension of sprawl. The lack of strong downtown is often seen as evidence of sprawl. However, an analysis solely founded on job distribution is less indicative of sprawl than one that uses residential patterns of development because housing occupies a larger percentage of an urban land area than employment. Jobs are almost always concentrated to some degree (excluding only single-employee firms and people working at home), but housing is more easily dispersed. Many households do not have any employed persons, and some metropolitan areas have developed around retirees, lessening the importance of employment and employment centers. In addition, both studies of job decentralization and employment sprawl can be criticized because they are influenced by the size of metropolitan areas. Larger metropolitan areas will have a higher percentage of jobs outside the 3-or 10-mile ring of the CBD simply because they are larger. The census found that metropolitan areas varied in size from 56,000 to more than 8 million in 2000. Ideally, a sprawl measure should act proportionately the same on all of them. These concerns aside, the employment concentration-based sprawl index measures an important attribute of sprawl and could potentially relate to its other dimensions.
The New York Times published an analysis of sprawl patterns using the 2000 census (Firestone 2001) . The author defined nonurban census tracts as those with fewer than 350 persons per square mile and urban tracts as those with a density of at least 3,200 persons per square mile. The problem with this analysis is that it did not set a point at which a metropolitan area's mix of urban and suburban densities becomes sprawl. Virtually all metropolitan areas will contain some tracts that have low population densities because some tracts will be primarily parkland, industrial, or otherwise nonresidential in nature. For example, census tracts that contain airports or large industrial facilities could have few people and low population densities. Other tracts might straddle an urban growth boundary so that half the tract is densely developed and the other portion is not inhabited.
In separate studies, Mieszkowski and Mills (1993) and Jordan, Ross, and Usowski (1998) use density gradients to determine the degree to which population is located at a distance from the centers of cities. This combination of density and distance from the center point of a metropolitan area indicates how far the population has moved toward the periphery. The greater the degree to which a population has decentralized, the lower the density gradient. Jordan, Ross, and Usowski used all census tracts containing at least 1,500 persons in 79 metropolitan areas. Distance from the center was calculated using a census tract centroid location for each tract. They called their resulting gradients "indicators of suburbanization." Although a relevant measure for the decreasing number of monocentric urban areas, the density gradient is problematic for metropolitan areas without a well-defined center. As U.S. urban areas move to a multicentric form, it will be less useful unless it can be adapted to this change in structure.
DEFINITION CRITERIA
As difficult as defining sprawl can be, there are certain aspects that should be part of a working definition of sprawl. Most important, there should be an explicit statement of what is sprawl, its dimensions, and how it is measured. Even if there is disagreement on some of parts of the definition, making these items known at least enables a debate of their merits and a consideration of the utility and validity of the definition. A good sprawl index should strive to meet the following standards.
Measurable and applicable. An effective sprawl scale needs to be applicable to all metropolitan areas in the United States at a minimum and ideally should also be useful in international studies on the dimensions and problems of sprawl. Galster et al.'s (2000) criteria for measuring sprawl cannot be universally applied because it relies on sophisticated GIS techniques along with detailed knowledge of local conditions that cannot be duplicated nationally or internationally. It is logistically and economically impracticable to measure all metropolitan areas this way.
Jordan, Ross, and Usowski's methodology is inappropriate for measuring multinucleated metropolitan areas. The sprawl index should not be affected by the overall form of a metropolitan area, unless monocentrism is explicitly considered an antonym to sprawl.
Objective. A model measure of sprawl must not rest on any particular person's or group's opinion of what is sprawl. It must rely on data that are quantifiable and collected without bias. For example, sprawl critiques often at least partially raise aesthetic concerns. Although better-looking metropolitan areas may be an admirable urban policy goal, focusing on a perceived ugliness of sprawl is problematic for several reasons. Two observers should be able to apply the same criteria to a given metropolitan area to produce identical results. But subjective measures are difficult to apply and quantify. What is ugly? What happens when tastes change? How would you measure urban ugliness? In addition, these concerns are not necessarily related to sprawl. It is easy to provide examples of compact urban form that would most likely not be congruent with most people's vision of good design. Eastern European urban architecture from the Communist era is one such example. Thus, a sprawl index based on personal opinion is not workable.
It is important to keep in mind that even if sprawl were to entirely disappear from the United States, not all urban problems allegedly linked with it would similarly evaporate. For example, opponents of big box retail accuse these establishments as being part of sprawl, and it is easy to see this connection through their location and design. But these stores might be just as problematic if they are built in urban Manhattan as they are when they are erected in rural Vermont.
Independent of scale. A good sprawl scale should not be skewed by the size of an individual metropolitan area. Large metropolitan areas should not score as being more sprawled simply because they have more people or businesses. A metropolitan area that is 10 times bigger than another but has the same or comparable pattern of development should have the same score as its smaller counterpart. This is a failing of the Glaeser, Kahn, and Chu (2001) measures, which systemically push larger metropolitan areas into higher sprawl scores.
Other criteria. Coulter (1989) sets out a number of criteria for indexes of inequality that are applicable to a sprawl index. These include definition, meaning each and every possible metropolitan condition should have a unique value. Information use, that is, an index should use as much of the data as is available. Interpretability, meaning there are advantages to an index that is bounded, that is, it has a maximum and minimum value that it can assume and that its relation to what is being measured is clear. The sprawl index should be understandable to the general public as well as researchers and policy makers. Simplicity: Finally, a sprawl measure should be straightforward to compile, interpret, and use in other research. The scales that depend on the National Resources Inventory, for example, are too complicated.
A SPRAWL INDEX
Although sprawl has many dimensions, its residential aspects are central to its status and potential effects. Housing and where people live represent a major, if not the largest, portion of land use in any urban area. There is some evidence that housing sprawl helps drive employment sprawl with the movement of Americans to the suburban fringe having preceded the departure of jobs from the inner city (Garreau 1991) . Residence is often the defining perception by which people who live in a metropolitan area perceive their city, the place where one lives being central to one's sense of self and community. Although the other aspects of sprawl are also important, to a certain extent they are dependent on and driven by how and where people live.
Density is perhaps the most important dimension of sprawl. Higher density development is seen as an antidote to sprawl; and infill, transit-oriented development, Brownfield restoration, and other similar programs in urban areas are often proposed as sprawl alternatives. These have in common the goal of housing more people on lesser amounts of land. Increasing residential densities is an essential counterpoint to the elastic edge of sprawl.
But as noted by Galster et al. (2000) , sprawl is more than just a factor of density. If it were, Los Angeles would be considered one of the United State's most anti-sprawl metropolitan areas. Sprawl also contains the dimension of concentration. A metropolitan area that has more of its population that is concentrated appears less sprawled than one with a population that is evenly distributed across its region. This is one reason why the Boston metropolitan area, even though it has extensively sprawled suburbs, seems to be a paragon of good compact development. Boston's high-density urban core mitigates some of the aspects of its low-density periphery. Focusing solely on density by computing average density across entire metropolitan areas (Fulton et al. 2001) violates the information use criterion set out by Coulter (1989) because it does not use all available information and can give misleading results. A sprawl measure should assess how density varies across an urban area, that is, how density is concentrated.
It should be noted that the percentage of a metropolitan area's population residing in the central city is not a good measure of sprawl, although it may sometimes be related to the overall degree of sprawl in an area. Some central cities are developed at low densities, whereas some suburbs have high densities. City boundaries may not be coextensive with a metropolitan area's high residential density area, and some metropolitan areas have high-density residential suburbs. It is necessary to accommodate these differences.
Although the best way to measure sprawl might be from an airplane using sophisticated remote sensing imagery and complex GISs, these technologically reliant methodologies are limited by problems of scale and financial cost. Despite problems of undercount and infrequency, the U.S. census remains one of the best data sources on population. Every 10 years, the census reports detailed information on where and how people live. It is reliable and generally accepted as an authority on a number of demographic and geographic issues including the definition of U.S. metropolitan areas themselves. Metropolitan areas are defined by census as containing one or more central cities with at least a combined population of 50,000 along with surrounding areas. The census also divides the entire United States into four broad regions: Northeast, Midwest, West, and South.
The sprawl index proposed here uses census data to construct a measure of residential sprawl for metropolitan areas. It is based on the density and concentration dimensions of sprawl and is easily calculated. Data are from the 1990 and 2000 U.S. censuses, downloaded from the U.S. Bureau of the Census Internet site (www.census.gov, accessed October 10, 2001). In addition to population counts for each census tract in the country, the files contain data on which metropolitan area, if any, the tract is in. The files also contains an estimate of the land area in each tract derived by drawing a polygon that approximates the size and shape of the land area of the tract and measuring the area of this polygon. Although this is not an exact measure of land area, it is a close approximation. Population density in each census tract was computed by dividing its population by its land area. For each metropolitan area, tracts were sorted into high-density tracts (greater than 3,500 persons per square mile), low-density tracts (between 3,500 and 200 persons per square mile), and rural tracts, which are excluded from this analysis (fewer than 200 persons per square mile). A sprawl index (SI) score was computed for each of 330 out of 331 metropolitan areas.
The sprawl index is defined as
where SI i = sprawl index for metropolitan area i , D% i = percentage of the total population in high-density census tracts i , S% i = percentage of total population in low-density census tracts i .
It is then transformed by constants to produce a final score on a 0 to 100 scale. The choice of cutoffs between high density, low density, and rural is not arbitrary. Because metropolitan areas are defined by the census based on political boundaries, most metropolitan areas contain some fraction of rural population and land that should not be included in a sprawl analysis. Two hundred persons per square mile roughly corresponds to one residential unit per four acres-about the lowest residential density of many new suburban housing developments (keeping in mind that no place uses 100% of its land for residential purposes-land includes roads, schools, places of employment, etc.).
1 This was the threshold density used by Galster et al. (2000) . The 3,500 persons per square mile cutoff is also subject to debate. The New York Times's analysis of sprawl used 3,200 as its suburban-urban cutoff. Three thousand five hundred roughly corresponds to about five residential units per acre of residential land, and it is close to an estimate of density that is commonly held as needed to support mass transit, a potential component of urbanism and at the high end of the range that promotes pedestrian activity. Walking begins to increase at densities between 1,000 and 3,999 persons per square mile, whereas per capita vehicle miles traveled begins to drop at densities greater than 3,000 persons per square mile (Ross and Dunning 1997; Parsons Brinckerhoff Quade and Douglas, Inc. 1996) . Although the actual cutoff point could be debated, this measure is a good starting point for analyzing sprawl.
The potential range of values for this sprawl index is 0 to 100. At 100, the metropolitan area population lives entirely in low-density census tracts indicative of the highest level of sprawl. At 0, the metropolitan area population lives entirely in high-density census tracts signifying the least amount of sprawl. At 50, these populations live equally in the two situations in a given metropolitan area.
In general, moving a low-density/rural definitional threshold down will increase the number of people considered to be living in low-density census tracts and result in the sprawl index moving toward 100. Raising the threshold will reduce the number of people considered to be living in low-density tracts as tracts become classified as rural. This will reduce the degree of sprawl and move the sprawl index toward 0.
Moving the high-density/low-density threshold down increases the number of people considered to be living in high-density tracts and decreases the number living in low-density tracts. This will move the sprawl index toward 0. Conversely, raising the threshold will result in fewer people being counted as living in high-density tracts and more people counted as living in low-density tracts, and the sprawl index will move toward 100.
DEFINITIONAL CONSIDERATIONS
New England metropolitan areas have two sets of census definitions. There is a town-by-town definition that allows a more precise measurement of sprawl, but it is not compatible with other data sources. The second definition is a county-by-county definition that is used by many agencies for reporting data. Although the county-based metropolitan areas definition could contain more rural or less developed land and therefore overstate sprawl, removing low-density tracts may mitigate some of this. The town-based definition was used in analyzing 2000 data separately, and the county-based definition was used to compare 1990 and 2000 data. The census also uses two definitions of metropolitan areas: consolidated and primary metropolitan area definitions. Consolidated metropolitan areas are groups of adjacent component primary metropolitan areas. Primary metropolitan areas are individual metropolitan areas centered on a single large central city or several closely related center cities. The analysis here uses the primary metropolitan area definition.
RESULTS
First analyzed were data from the 2000 census. Taken as a whole, 200,669,285 people were living in urban and suburban parts of 330 metropolitan areas as compared to 281,421,906 total people living in the entire United States and a total census-defined metropolitan population of 229, 198, 836 . The difference between computed populations results because the total U.S. population number includes people living outside metropolitan areas, and the census-defined metropolitan population includes people living in rural portions of metropolitan areas.
The number of people in 2000 living in the high-density census tracts was 101,931,868, or just more than 50% of the total number calculated as living in the nonrural parts of metropolitan areas. The population in low-density tracts was 98,737,417. The nearly even split between these two population groups suggests that a threshold of 3,500 persons per square mile is a good cutoff for defining high-density and low-density residential development. The change from 1990 to 2000, however, was tilted toward growth in low-density census tracts, with an increase of 13.4 million people (15.7%) over the decade versus a 12.5 million (14.1%) increase in high-density tracts over the same period of time. The percentage of metropolitan area land occupied by high-density tracts compared to the percentage occupied by low-density tracts was striking. Although the population of the two types of tracts was similar, high-density tracts occupied only 14,718 square miles or about 11.4% of the total metropolitan land area. Low-density tracts occupied 114,167 square miles of land or 88.6% of the total U.S. metropolitan land area. Half of the U.S. metropolitan area population lives on just more than 10% of the metropolitan area land.
Taken as a whole, the sprawl index for the United States in 2000 was 49. Individual metropolitan area sprawl index scores ranged from 4 to 100. But as can be seen in Table 1 , there were substantially more metropolitan areas with scores above 50 than below 50. The size of a metropolitan area is greatly associated with its degree of sprawl. Large metropolitan areas were much more likely to score below 50, and seven out of nine metropolitan areas that scored below 25 had total populations greater than 1 million. Small metropolitan areas, those with fewer than 250,000 total persons, were much more likely to score above 75, accounting for 95 of 135 of these metropolitan areas. No small metropolitan area scored below 25. Even medium-size metropolitan areas tended to be more sprawled than dense. Overall, high-density patterns of development appear to be a phenomenon associated only with larger metropolitan areas. Because of the size differences of metropolitan areas, the percentage of people living in metropolitan areas scoring below 25 (15%) was only slightly less than the percentage of people living in metropolitan areas scoring above 75 (17%).
There were very stark regional differences in the distribution of metropolitan areas scoring above 75 and below 25 (see Tables 2 and 3 ). The West had the highest absolute number of metropolitan areas scoring below 25, the highest percentage of people living in these areas, and the highest absolute number of people in metropolitan areas scoring below 50. In contrast, the South had the most metropolitan areas scoring above 75, the highest number of people living in these types of metropolitan areas, and the highest percentage of people in metropolitan areas scoring above 75. Twelve states, centered on Tennessee, had no metropolitan areas scoring below 50 despite a large number of metropolitan areas in this region. Although New England is often thought to be the least sprawled region of the country, the data show there are metropolitan areas in the region with high sprawl scores. Despite the fact that most of the region's metropolitan areas are not small, only 1 metropolitan area (Boston) scored below 50, whereas 7 metropolitan areas scored above 75, and 15 others scored between 50 and 75.
Mapping the sprawl index dramatically demonstrates the geographical variation of sprawl (see Figures 1 through 4 The great number of metropolitan areas scoring between 50 and 75 in the Midwest and North East are visible, punctuated by occasional older, larger metropolitan areas scoring below 50 that seem to broadly follow the The distribution and characteristics of the 13 metropolitan areas that had no people living in census tracts with densities higher than 3,500 persons per square mile (sprawl index = 100) were striking. All of these metropolitan areas were in the South and had fewer than 250,000 total people. Only two metropolitan areas containing more than 1,000,000 people were scored above 75, and both of these were in the South (Charlotte and Atlanta).
The comparison with 1990 data (using county-based definitions for New England for both years) showed that there has been a substantial change in the level of sprawl in the United States. In the past decade, sprawl increased in 198 metropolitan areas and decreased in 97. It was unchanged in 21 metropolitan areas, and 11 of these were at 100 in both 1990 and 2000. Large metropolitan areas again had lower levels of sprawl: only 24 saw increased sprawl, and 27 had decreased sprawl. One large metropolitan area was unchanged. Considering all metropolitan areas together, there were almost 16% more metropolitan areas scoring above 75 at the end of the decade but only one net additional metropolitan area scoring below 25. Among large metropolitan areas, the total number of metropolitan areas scoring above 50 decreased by 3. Two metropolitan areas dropped below 25: Ft. Lauderdale and Stockton-Lodi; and one moved above 25: Laredo. The total number of people living in metropolitan areas scoring below 50 grew from 90.5 million to 115.6 million (a 27% increase), whereas the total number of people living in metropolitan areas scoring above 50 grew from 84.2 to 85.0 million (a 0.1% increase). Most net growth has occurred in metropolitan areas with lower sprawl index scores.
DISCUSSION
Surveying metropolitan areas as a whole, it is not surprising that sprawl has become a matter of public debate. More than half the nation's metropolitan areas containing more than 40% of the country's total metropolitan population had a sprawl index greater than 50, indicating that more people lived in lower density census tracts than in higher density tracts. The ratio of metropolitan areas increasing in sprawl versus those decreasing was nearly 2 to 1 over the past decade. The results here are similar to other attempts to measure sprawl, which also found that larger cities tend to be denser and southern cities sprawl more. Others also produced results in keeping with ours that belie the popular conception that Los Angeles is a metropolitan area with low levels of sprawl.
The 1990-2000 growth in the number of people living in less dense census tracts together with the growth in the number of people living in metropolitan areas with index scores less than 50 would at first seem contradictory. However, this may be the result of growth in low-density areas of these larger, denser metropolitan areas. This implies that sprawl is increasing in these metropolitan areas even as they add population because new growth is much less dense than older portions of these metropolitan areas. In contrast, the constant total population of metropolitan areas scoring more than 50 over this time period suggests that population growth in these areas may have pushed some of these metropolitan areas into more dense configurations. The flat growth in metropolitan areas with high sprawl scores also seems contradictory at first given the high rates of growth in the South and in highly sprawled metropolitan areas such as Atlanta. But the high population gains in some sprawled metropolitan areas might have been offset by population losses in other small, highly sprawled metropolitan areas in the Midwest and North East.
The wide distribution of sprawl index scores suggests that sprawl might not be inevitable. Perhaps the collective social, political, and economic decisions along with historical and geographical factors in a metropolitan area can influence the overall level of sprawl. It certainly reveals that there is a large variety of dense and sprawled situations in this country (see Tables 4  and 5 ).
The great southern sprawl belt warrants further research. Among the possible reasons for the concentration of high levels of sprawl in this region are historical factors such as the tradition of small-scale rural agriculture, cultural values, geographic/climate features, economic factors, demographic trends, land-use policy, or other unknown characteristics. This is the fastest growing region of the country, and the high level and continuing growth of sprawl, even in large metropolitan areas that in other parts of the country tend to be denser, may imply that sprawl will continue to be a public policy issue. The relationship between growth and sprawl is not necessarily directly correlated, however. Las Vegas and Phoenix, two metropolitan areas with high rates of growth, have remained dense. New England's high number of metropolitan areas scoring above 50 indicates that no region is immune to sprawl. The only metropolitan area outside the South on the list of most sprawled metropolitan areas in 2000 is Barnstable-Yarmouth on Cape Cod. The smaller metropolitan areas of the Midwest have population patterns that indicate sprawl as well. There is a need to better understand why these areas are sprawling.
Similar issues revolve around coastal metropolitan areas. Clearly, there are factors that have resulted in less sprawl along the Atlantic and Pacific coasts. But questions remain as to why the San Francisco, New York, and Miami metropolitan areas have developed at a dense level, whereas Boston and Seattle are less dense. The interaction of geography with urban design, economic, and social trends may influence the level of sprawl.
The high level of sprawl found in smaller metropolitan areas also warrants further research. It may be that low density is a transitory condition for some of these communities and that they will eventually grow into larger, more densely populated areas. On the other hand, this may portend the beginning of the development of a whole new class of very sprawled cities that will ultimately incorporate large portions of the landscape and have potential consequences yet to be studied. The unique intersection of urban form, quality of life, ecosystem health, and development is critical in these metropolitan areas.
It is also important to remember that not all low density or even changes in relative amounts of low density are necessarily deleterious. Lower densities that result from new development that respects wetlands or other environmentally sensitive areas may be considered environmentally beneficial. Clustered housing preserving large tracts of open space is often a goal of environmentally sensitive development. Lowering density to reduce residential overcrowding is also a desirable goal. Further research should examine the relationship between these and other positive policy goals and their net effects on sprawl. A score indicating a low level of sprawl does not mean the absence of all alleged sprawl-related problems. Miami's growth at its edge threatens the continued health of the Everglades ecosystem (Environmental Economics Symposium Committee 1999), San Jose has struggled to find a way to make its downtown relevant (Hubler 2001; Mathews 1999) , and land consumption in Los Angeles is proceeding at a higher rate than population growth (Fulton et al. 2001) . Nor do low levels of sprawl guarantee there will be no urban problems. New York City has struggled with abandonment, crime, and all the other problems associated with urban America (Wallace 1988 ). Furthermore, a low level of sprawl may be associated with an exacerbation of other problems, such as gentrification and the displacement of lower-middle-class and poor people in San Francisco (Zoll 1998) . A next step would be to correlate the level of sprawl with a series of potentially related issues such as health outcomes, immigration, racial segregation, housing costs, job availability, environmental policy goals, and land consumption. Another valuable effort would include comparisons to additional past decennial censuses to help determine if sprawl is accelerating or decelerating.
Although the sprawl index is a good measure for discerning varying levels of sprawl in the United States, it is not clear that this index could be used for international comparisons because foreign countries typically have densities far higher than those found in the United States. Raising the threshold levels for the sake of international analysis would reduce differences among U.S. metropolitan areas. Using alternate threshold numbers to accommodate international differences, then, might merely demonstrate that only the United States has cities that sprawl, an unlikely situation. The transferability of this index unaltered across international boundaries remains to be tested.
This sprawl index meets the criteria outlined earlier in this article. This index is measurable and applicable. It uses standardized published data for all metropolitan areas. Although threshold levels can be changed, they were set using objective criteria and represent a reasonable anchor point for the discussion of sprawl. The index is conceptually valid, uses a workable and objective range of values, and is easy to understand and communicate. The efficiency of this measure allows for the identification of metropolitan areas that may warrant more in-depth sophisticated study.
Although the subject of great differences of opinion and debate, sprawl can be quantified. Measuring sprawl reveals great differences among metropolitan areas in the amount of sprawl and important geographical, size, and temporal variation. This suggests that the multifactorial causes of sprawl are complex and remain to be identified and explored singly and together. The social consequences of sprawl also remain to be studied. In particular, the alleged links between urban sprawl and social justice issues of racial segregation, urban poverty, and job availability must be rigorously analyzed so as to promote land-use policies that are environmentally protective and socially just. 
